This work is an empiric-theory revision which evidences the existence of two irrigation sectors in the Andean countries: a formal one, mainly located in plain low lands, controlled by the government, mostly directed to agribusiness producers; the other sector, informal irrigation, is directly managed by the producers, usually family farmers, without government control and without being reported in national statistics; this second sector is principally located in the Andean mountains. Nowadays there are several institutions for the access to water which are associated to different stakeholders, so conflicts between different kinds of users emerge. Riego formal e informal en los países andinos. Una visión general Resumen Este trabajo es una revisión empírico-teórica que pone de manifiesto la existencia de dos sectores de riego en los países andinos: uno formal, ubicado principalmente en las tierras bajas o llanuras, controladas por el Gobierno y dirigidas a los productores agroindustriales en su mayoría. El otro sector que cuenta con riego informal es administrado directamente por los productores y por lo general son familias agricultoras, sin control gubernamental y que no han sido reportados en las estadísticas nacionales. Este segundo sector se encuentra principalmente en las montañas andinas. Hoy en día hay varias instituciones para el acceso al agua que están asociadas con las diferentes partes involucradas, por lo que han surgido conflictos entre los diferentes tipos de usuarios.
Introduction
Although they have social and ecosystem differences, Bolivia, Colombia, Ecuador, Perú and Venezuela are called Andean countries due to the fact that they share the presence of the northern and central Andes as well as some common patterns, like those related to irrigation schemes, as it will be described.
The variability of climates and the ancient establishment of population in zones where the access to water was limited encouraged the early installation of irrigated agriculture. Zimmerer (1995) demonstrated that irrigation was already used in Taratá (Cochabamba, Bolivia) 3500 years ago, which allowed the settlement of later empires such as Tiwanaku, Inca and Spanish.
Although the ancient developments in irrigation given in the Andean zone are the most widely known, such developments also took place in a wide variety of zones which comprehend floodable coastal plains, desert zones and the Amazon basin. They were adapted to different environmental conditions and characterized by their innovation capacity, high efficiency (Branch et ál., 2007) and adaptation to local conditions.
Pre-Hispanic processes of technological development were abruptly interrupted during the European conquest due to three big factors: 1) the abandonment of big areas caused by the population collapse (Trawick, 2001, p. 21; 2003, p. 982) ; 2) the implementation of new production systems; and 3) other factors, still unknown, probably associated to droughts (Branch et al., 2007) .
Although some irrigated areas were preserved and Hispanic crops which required irrigation were established, it was not until the end of the 19 th century and the beginning of the 20 th century that important developments of irrigated agriculture appeared again 1 . Modern irrigation projects started to be developed by governmental initiative. In some cases, like the ones in Peru and Ecuador, the projects were motivated by the importance of export crops such as sugar cane, cotton (Alfaro, Guardia, Golte, Masson & Oré, 1993, p. 134) and banana. In Colombia and Venezuela, the construction of public irrigation systems originated in order to meet the internal demand for food.
The major boost of these irrigation systems in the region took place between the 30's and the 60's, partly because of processes of agrarian reform and government efforts to intensify agriculture. Modernization of irrigation systems, as part of Green Revolution packages, was driven as a state's imposition and response to people soliciting them scope to modernize their agricultural systems (Boelens & Hoogendam, 2002) and improve their production. In the cases in which farmers did not have access to the state-promoted agricultural modernization programs, the green revolution developments, including irrigation systems, were autonomously adapted by great masses of farmers; this situation generated an ambiguous phenomenon of adaptation to their surroundings and ignorance in relation to technology.
In summary, and according to Trawick (2001, p. 19) , the irrigation systems in the Andean countries have been through three historical processes: 1) the establishment, in pre-Hispanic times, of methods which attempted to manage a scarce resource, 2) a massive reduction of water and land use during the colonial process, and 3) a gradual re-intensification which responded to population growth, combined with the increase of economies aimed at exportation and export substitution in the green revolution framework.
As a result of these processes, it is possible to define two types of irrigation systems: formal and informal 2 . The formal systems are those, public or private, that have been developed with universally accepted technical standards under the state institution and, for their characteristics, have been reported in national statistics. On the other hand, the informal irrigation systems are those developed by farmers themselves, without meeting the state's formal requirements, which are not reported in national statistics (Gutiérrez-Malaxechebarría, 2013) .
Although it is common to observe the coexistence, in one zone, of diverse types of agricultural production and irrigation systems in the Andean countries, a differentiated geographical distribution which predominates in the irrigation systems is evidenced: medium and large scale 3 formal irrigation systems developed in low plain zones, and small scale systems, mainly informal ones, developed by family farmers in mountainous zones; this constitutes a dual system, or two tiered system as Trawick (2003, p. 980) named it when referring to the vertical nature of the Andes. Now, this is a revision article, based on an empirical-theorical approach. It was made based on literature review, interviews, case studies and field observations, and aims to describe and evidence general characteristics of irrigation systems in the Andean countries. At the beginning, irrigation institutions are discussed, followed by descriptions that go from formal to informal irrigation systems; at the end, conclusions are presented, evidencing that irrigation systems are diverse, complex and work in a panorama were different institutions, visions, agricultural systems, and economic pressures over water coexist.
Irrigation management in the Andean countries
Irrigation systems are composed of human agents along with physical infrastructure, social infrastructure, institutional infrastructure and biophysical processes that interact in complex ways (Cifdaloz, Regmi, Anderies & Rodríguez, 2010, p. 2) , so irrigation water management is regulated by great variety of institutions. Now, understanding institutions as the rules that guide stakeholders to politic and economic decision-making (North & Thomas, 1978; North, 1993) , an irrigation institution is the set of working rules for supplying and using irrigation water in a particular location (Ostrom, 1992, p. 19) . Zimmerer (2000, p. 151) affirms that in the Andes the organization of irrigation has been shaped by processes that combine social conflict and co-operation, struggle and political consolidation, and human change of the environment. In Andean basins, water rights and rules to access to it can be developed under the coexistence of diverse logics in complex and fast changing processes. In this way, even in one same system or community, various types of water rights can come up simultaneously (Cremers, Ooijevaar & Boelens, 2005; Roth, Rutgerd & Zwarteveen, 2005; Von Benda-Beckmann, Von Benda-Beckmann & Spiertz, 1998) .
In some Andean communities, the institutions which regulate irrigation resulted from an adaptation of those of pre-Hispanic origin (Boelens & Gelles, 2005) . In other cases, such institutions are more recent and obey to changes in the agricultural production systems. Among the norms multiplicity, we can mention state and communal rules, and even norms which are about to be established; the coexistence of these rules can generate conflicts and gaps in the definition of who has right to water, how much water they can access and under what conditions. However, many of those institutions, sometimes local, small scale and informal, meet all, or most, of the principles of long-enduring self-organized irrigation systems mentioned by Ostrom (1992) , which are: clearly defined boundaries, proportional equivalence between benefits and costs, collective-choice arrangements, monitoring design, graduated sanctions, conflict resolution mechanisms, minimal recognition of rights to organize and nested enterprises.
It was expected that the Andean countries' new constitutions, established in the last decade of the 20th century and the first decade of the 21 st century, would allow the institutional incorporation of these complexities. Although the ethnic (indigenous and African descendant) communities' rights to land management were recognized, the non-ethnic social groups like peasants were not given such rights. Despite the advances done, there is still a lack of laws and regulations which guarantee the incorporation and recognition of plural institutions (Boelens, 2009; Palacios, 2003) 4 . Public irrigation policies have been influenced by three great paradigms which appeared in the last 30 years: the first one was based on the state preeminent action, time when most of the irrigation districts were built; then, it was on the collective action and, more recently, on the individual action and the market regulation (Kuper, 2011) . Neoliberal policies 5 have motivated the process of transference of irrigation systems from the state to the users, based on the state's need to reduce costs by transferring those costs to the farmers, and paradoxically on the well-known thesis that self-governing systems increase operation efficiency 6 . As a result of these processes, users associations (asociaciones de usuarios) have appeared in Bolivia and Colombia, irrigation committees (comités de riego) or boards of irrigators (juntas de regantes) in Venezuela and boards of users (juntas de usuarios) in Ecuador; they have allowed irrigators commissions (traditional), irrigation committees (modern) and boards of users (basin users associations) to coexist in Perú, generating conflicts among them occasionally.
These policies and processes have been controversial for their ambiguous results since, although there are several cases which show that the local users' participation in water management makes the irrigation systems more efficient, even and sustainable (Alfaro et al., 1993; Boelens & Doornbos, 2001; Boelens & Gelles, 2005; Boelens & Hoogendam, 2002; Canelón Pérez, 2008; Coward, 1977; Cremers et al., 2005; Lam, 2001; Maldonado Rojas, 2000; Mazabel, 2007; Ostrom, 2000; Trawick, 2001; Urrutia Cobo, 2006) , it has been demonstrated that local administrations is not always the panacea (Boelens & Dávila, 1998; Brooks, 2003; Gutiérrez, 2006; Urrutia Cobo, 4 Both references show how, despite the fact that national laws recognize and protect local rights, state policies and local rules and rights are usually in dispute. 5 During 1990's most Latin American countries' policies followed -or at least intended to follow-the Chilean Código de aguas (Water Code), which was established during the dictatorship. This way, water rights become a tradable commodity stimulating free markets in water use and management (De Vos, Boelens & Bustamante, 2006, p. 39) . 6 For example, Ostrom et al. (1994) showed that farmer-managed irrigation systems in Nepal tend to achieve average performance levels above those operated by the State. 2006); these last authors have shown that irrigation systems transferences to users have not always had substantial effects on the operations development, maintenance, and agricultural and economic productivity of irrigated lands.
On the other hand, current policies of development establish that water, as a common-poll resource, must be managed by the state because only governments have the capacity to surmount them (Ostrom, Lam & Lee, 1994, p. 197) . So, it has been gradually generalized that irrigators must ask for water access permits (either paid for or for free). Although legalization of such access is not new for the formal irrigation sectors, it is expected that it will give the informal irrigators legal recognition over water use and allow the advance towards these systems' adequate formalization, which would need to involve technical support since the natural resources must be governed in a multilevel institutional scheme (Andersson & Ostrom, 2007) . However, an appropriate state water management requires proper support on technical information and deep knowledge of local conditions, but the Andean countries lack these tools. Besides, power struggles to control water by agribusinesses or even extractive enterprises are some of the main factors that define the social landscape and, therefore, conflicts with the irrigation systems in Andean countries.
2. An overview to irrigation systems 2.1. Formal irrigation and agricultural development National statistics are characterized because they are not updated very often, and the data belonging to each country change according to the source which is studied (see, for example, CIA, 2009; FAO, 2010; ICID, 2010; Thenkabail et al., 2009; Gutiérrez-Malaxechebarría, Prime & Revillion, 2013) . However, areas reported by those sources correspond to a consensus built on the data reported by governmental or multilateral entities, and refer only to formally irrigated areas.
The formal and large scale irrigation systems are located in warm lands on the coastal plains, except for those in Bolivia; also, they are located in the inter-Andean valleys in Colombia, the foothills in the Orinoco region in Venezuela, in eastern Bolivia and, marginally, in the fertile high plateaus in Ecuador and Colombia.
In these zones, mechanized and business agriculture has been benefited because of the closeness to transport infrastructure, the topography, easier access to capital and lower vulnerability to variations in hydrological regime, due to the fact that they are located in big basins' low areas; and also due to the natural characteristics of such low lands (climate, soil, humidity, temperature, luminosity), which represent comparative advantages in relation with other zones in the mentioned countries 7 . Besides, it is common to see family and business agriculture mosaics as these two actors integrate mutually and functionally (Forero Álvarez et al., 2011) , though with constant conflicts.
Formal irrigation can be oriented towards business agriculture, which is the case of private irrigation systems, and towards a combination of business and family agriculture, which is the case of state-originated irrigation systems 8 , also called irrigation districts.
According to their origin, formal irrigation systems can be managed by the state or by users associations, as in the case of irrigation districts; they can be directly managed by individuals or private associations, as in the case of private systems; or they can eventually be managed by mixed entities. In every case, however, the development of formal irrigation is designed and regulated by homogeneous norms based on engineering standards as well as on governmental and productive visions about water. Most of the formal irrigation systems in around the whole region, except for Perú, are private and irrigate big agribusiness systems. The irrigation districts, which feed smaller agribusiness and family agriculture systems, have lower participation. Now each country's irrigation systems will be exposed.
a. Bolivia:
Bolivian agricultural system is characterized as Trinitarian (Paz Ballivián, 1998) since there is a coexistence of typical productive relations of the peasants in the traditional area (high plateau, valleys and colonization zones in the tropic and subtropic), the business agriculturalists, and the indigenous communities in the eastern low lands. This sectorization resulted from the agrarian reform in 1953, which eliminated latifundia in the high plateau by giving the land to indigenous groups and peasants, and simultaneously adjudicated big extensions of public lands in the east (Kay & Urioste, 2007) . Because of this, agricultural systems are characterized as capitalist in the east (Paz Ballivián, 2009) , and as family farming in the Andean zone; this fact is confirmed with the data obtained in the study done by Forero Álvarez et al. (2011) , whose findings were that only 36 per cent of the agricultural production in the plains region (east) corresponds to family farming systems, while 99 per cent of agriculture in the high plateau corresponds to the same kind.
In Bolivia there is irrigation conditioning in every altitudinal level (Morlon, 1996) , but it is clearly differentiated, so are farming systems. The large scale formal irrigation systems and those oriented towards business agriculture, which are mostly private, are gathered in the eastern agribusiness zone, which is greatly linked to the external market. Formal irrigation, however, is marginal in the Andes; it is mainly state systems oriented towards family farming in the high plateau and the Cochabamba valleys, zones where most of the peasants, and indigenous people, who produce for the internal market are located (Paz Ballivián, 2009 ).
Governmental programs, as well as those proposed by non-governmental organizations, seeking to improve living conditions of the family farmers are centered in the Bolivian Andean zone. The change irrigation can produce in these zones is so big that Jáuregui, Olivares & Colque (2005) found that after implementing small irrigation systems in five family farming zones (four in the Andean zone and one in El Chaco), an average increase of 236 per cent was reached in the family income. Despite such good economic results, Gutiérrez (2006) found that in Bolivia many of the formal irrigation projects may be abandoned or may lack maintenance due to the following facts: users are not involved when planning them; cultural, physiographic and climatological diversity are not taken into account; there are unequal power relationships between institutions and users associations, joined to the lack of proper criteria for the design and management. Similar results are evidenced for the Peruvian sierra by Solís (2001) .
b. Colombia
In Colombia, as in the other Andean countries, the growth of irrigated areas has not been constant. In 1950 the irrigated area was 50 000 hectares. Between 1960 and 1990 these areas grew notoriously until reaching 900 000 hectares. In the 90's the violencepolitical instability duo and the economic aperture, which allowed the international competence to affect the returns of most crops negatively, had a direct negative impact on private investment in irrigation (Dinar & Keck, 1997, p. 4) ; this, joined to the fact that the state did not continue to condition areas for irrigation, has caused the formally irrigated area in the country to relatively remain the same since then.
In this country 65 per cent of the formally irrigated area is private (FAO, 2010) ; the remainder corresponds to public irrigation districts. In Colombia, as in the other Andean countries, the biggest efforts in formal irrigation, public as well as private, have taken place in the plain zones. According to interviews to officials at Incoder (the Colombian state institution responsible for irrigation), only 4.4 per cent of the total area which is formally irrigated (public and private) in Colombia corresponds to irrigation systems in mountainous zones.
Modern irrigation in Colombia started on the Caribbean coast thanks to private initiative aiming at establishing crops for exportation. Later, from the 30's in the 20 th century, the state began the construction of large irrigation systems which sought the satisfaction of internal food demand; that is why such systems were mainly built in the country's inland, close to big urban centers.
Colombian irrigation developments gave very different results. For example, the establishment of the first irrigation systems in Tolima department, in the Madgalena valley, allowed the change from cattle-raising latifundia to capitalist enterprises of intensive exploitation and, consequently, caused the distribution of land to be less biased than in the rest of the department (Meertens, 2000) . On the other hand, in Valle del Cauca department, the irrigation implemented by individuals was a facilitating factor in the expansion of the sugar cane mono-crop and the production means monopolization.
Although the Colombian Andean irrigation is thought to be directed mainly to family producers, we need to distinguish two sectors: the one in mountainous zones, where family farming prevails, and the one in the fertile and wide cundiboyacense high plateau, where, despite some presence of family farming, wide sectors of entrepreneurial producers oriented to dairy cattle and export flowers production stand out.
c. Ecuador Cremers, Ooijevaar & Boelens (2005, p. 41) report that the Ecuadorian state invested vast sums of money in public irrigation infrastructure, which caused, in that time, 12 percent of the country's external debt. Despite that, the state-built systems only represent 220 000 out of the 850 000 irrigated hectares. These authors claim that the indigenous' and peasants' irrigation systems (mainly located in the Andes) were not benefited from those great investments.
In this country 86 per cent of the irrigated area is located on the coastal low zones, thanks to private, public and mixed systems, and the remaining 14 per cent is located in the High Andean zone (Maldonado Rojas, 2000) , where most of the country's family farmers and 35.5 per cent of the agricultural surface are located (Forero Álvarez et al., 2011) . Most of the formal irrigation systems in the Sierra have been originated by the state, although due to processes of transference from the state to communities, they are mixed nowadays. This distribution of irrigation could be added to the indicators of huge regional inequities in the development of Ecuadorian agriculture that Cochet & Gasselin (2007) 
Although only a minority of small Ecuadorian family farmers has access to formal irrigation systems, they represent 88 per cent of the formal irrigators; they have between 6 and 20 percent of the rights to access water while the business agriculturalists (mainly located on the coast), who represent between 1 and 4 per cent of formal irrigators, have between 50 and 60 per cent of the rights to water access (Galarraga-Sánchez, 2000 in Cremers, Ooijevaar & Boelens, 2005) ; the remaining percentage corresponds to non-identified medium irrigators. The difference between the number of irrigators and the assigned volume is explained by the size of exploitations, and also because 74 per cent of the irrigated area corresponds to private irrigation systems aimed, almost exclusively, at satisfying the needs of business agriculture on the coast.
d. Perú
Irrigated agriculture in Perú involves more than 600 000 farmers (Solís, 2001) . Although this country has long irrigation history, the current configuration started in the last third of the 19 th century thanks to coastal agriculture technological modernization processes which were stimulated by the perspectives on sugar cane and cotton exportations (Eguren, 2003) . In this zone, the crops are favored by dry climate, good land quality, availability of water which comes from the Andes and allows the irrigation of coastal desert valleys, and the closeness to seaports and big centers for internal consumption.
The Peruvian agrarian reform between the years 1960 to 1970 allowed the family agriculture to currently dominate the agricultural panorama in the country, since 82.1 per cent of the agricultural area corresponds to family farming (Forero Álvarez et al., 2011) . Besides distributing land, this process also redistributed access to water for irrigation; 71 per cent of the irrigated lands were expropriated and given (Eguren, 2006) to family farmers or cooperatives made by them.
The Peruvian agrarian reform changed the agricultural land tenancy in the country radically. Nevertheless, it continued the historical model of a marked geographical division of irrigation and did not encourage an even distribution of irrigation systems. In the early 90's, when the agrarian reform had finished, only 26 per cent of the irrigation infrastructure was located in the Andes, where 56 per cent of the country's agricultural land is situated, while 68 per cent of the irrigated area was on the coast, where 28 per cent of the agricultural area is placed (Díaz Lima, 1995) ; the remaining agricultural and irrigated area was located in the plains of the Amazon basin, which have scarce population and agricultural activity.
From the 80's, the agrarian model changed and was oriented towards exportation; this favored the appearance of an "agrarian counter-reform" in which agro-exporting enterprises obtain big areas of land from family farmers, previous beneficiaries of the agrarian reform, or buy new lands, gained to the desert through irrigation, in public auctions (Eguren, 2003; . This is the reason why, despite the agrarian reform, the private sector has about the third part of the irrigated surface (Maldonado Rojas, 2000) .
The current processes which favor agro-exporting businesses have boosted the irrigation development on the coast and, therefore, have slowed down new developments in the Sierra. Nowadays there are 246 000 hectares irrigated in the Sierra (Palerm-Viqueira, 2010, p. 785), which represents 20 per cent of the country's irrigated area; this means a decrease of 6 per cent with respect to what Díaz Lima (1995) reported.
e. Venezuela Venezuela incremented its irrigation areas through programs for reinvesting petroleum profits, whose greatest boost took place in the 50's and was aimed principally at developing internal rather than export markets (Machado-Allison & Rivas, 2004) . In the 60's, the Venezuelan state rural development policies emphasized on the rural sector capitalization, more than on land or wealth redistribution. Colonization of new lands was encouraged, as well as irrigation systems construction, mechanization, electrification and supervised credit (Erasmus, 1967) . The process of conditioning big areas for irrigation decayed towards the 90's (Angeliaume- Descamps & Oballos, 2009) .
Although most of the formally irrigated agriculture and the total of big scale irrigation systems are located in the low zones, the presence of Andean formal irrigation in hillsides is especially relevant. Venezuela is the only country in the region with a balanced geographical distribution of formal irrigation since the formal Andean irrigation systems correspond to 9 per cent of the 580 000 hectares irrigated in the country, and the states where they are developed (Mérida, Táchira and Trujillo) constitute 8.9 per cent of the national agricultural surface. This is because vast conditionings were made in the Venezuelan Andean zone between the years 1970 and 1990 with the Valles Altos project where, thanks to temperature conditions lower than 15°C and irrigated agriculture, vegetables could be produced in order to satisfy the demand due to the changes in the urban diet. This project, which allows the irrigation of a total of 52 458 hectares (Angeliaume-Descamps, Blot, Leroy, Maire & Molina, 2011) , is public and is almost exclusively directed to family farming. Despite being described as successful, Andean irrigation systems compete for water with urban centers, which deteriorates its quality.
In spite of the warning about data reliability and the lack of information about all the aspects in the Andean countries, a table is presented to summarize the existing data related to irrigation and agriculture. Lima, 1995) 8.9 (FAO, 2010) Andean irrigators n.a. n.a.
88% with rights to water access raging between 6 and 20% (Cremers et al., 2005) n.a. n.a. 
Informal irrigation and agricultural development
Small and medium irrigation are widely extended in all the Andes altitudinal zones, which contributes to molding the agrarian landscape (Le Goulven & Ruf, 1994) . According to Zimmerer (2010, p. 337) , such development is especially notorious in a diffuse strip located between 1000 and 3500 above sea level. In this altitudinal strip, which varies from one region to another, there is strong presence of indigenous and peasant irrigation systems (Bebbington, 1999; Ruf & Mathieu, 2001; Trawick, 2003) , which have been autonomously built by the family farmers themselves, without the state entities permit or support. In other words, most of them are informal irrigation systems. Gutiérrez-Malaxechebarría (2013, p. 267) classifies informal irrigation into individual and collective systems. The individual ones correspond to those which have been executed by a producer under his own means, with his own production logics and without further considerations than his production system. Among the collective ones, he distinguishes between associative and communitarian; the communitarian irrigation systems work under a logic that takes water access as a right, while the associative systems consider the water resource as an asset as long as it makes part of the producer's investments.
Although most of the areas mentioned above have not been registered in statistics, they have actually been reported in the literature, either directly or indirectly. For example, in Ecuador it has been demonstrated that there are impacts produced by water overexploitation above the possibilities of superficial sources, which decreases the flow of the sources where the water is taken from (Girard, 2005; Ruf & Gasselin, 1999; Vanacker et al., 2003) . Information about water use regulations in systems managed by communities which do not follow the state logics is cited in Perú (Alfaro et al., 1993; Boelens & Gelles, 2005; Brunschwing, 1986; Trawick, 2001) , in Ecuador (Boelens & Gelles, 2005) , and for some cases in various Andean countries (Boelens & Hoogendam, 2002; Coward, 1977; Maldonado Rojas, 2000; Vanacker et al., 2003) .
The small size of informal irrigation systems, their eventual coexistence with formal systems, and the diversity of regulation forms, based on each community cultural patterns, result in them operating under a wide diversity of criteria. It is not rare to observe multiplicity of regulations in one same sector or basin as neither is it that conflicts arise; and land subdivision and new systems setup increase these phenomena.
Most of the traditional Andean irrigation infrastructure works are small ditches or channels whose intakes or inlets have been built with rustic materials (Alfaro et al., 1993, p. 137) , and from the 80's an accelerated and wide use of hoses is observed.
Farmers prefer to transport water by the action of gravity (Bernet, Hervé, Lehmann & Walker, 2002, p. 376) and it is common that they use various sources simultaneously. They give preference to water from springs and slope streams rather than that from rivers that go along the valleys which, despite having enough flow all year long, would require the use of pumping equipment; that implies higher costs in taking water to the place where the crops are cultivated. This phenomenon is very well documented for the case of the Colca river valley in Perú, where the farmers take water from 103 sources (streams and springs) and distribute it for irrigation through 62 channels and 74 reservoirs (Robles Mendoza, 2010, p. 205) ; this is because taking water from the Colca river directly would imply pumping and, therefore, higher costs in infrastructure and maintenance.
Although documentary sources about informal irrigation are not many and are dispersed in a wide gamma of diverse type studies, some evidences of its existence in the five countries under study as well as its characteristics are shown below.
a. Bolivia Ellis-Jones & Mason (1999, p. 224) affirm that most of the Bolivian farmers use combinations of dry and irrigated agriculture; the irrigated agriculture precisely corresponds to informal systems which are not sustained in any type of agreement (Huibers, Moscoso, Durán & Van Lier, 2004) .
It can be inferred from Killeen et al. (2008) that, in the zones of recent colonization, irrigation is informal; such is the specific case of the eastern foothills. For instance, in the arid and semi-arid regions of the high plateau and valleys, most of the waste water is used in indirect and informal irrigation systems (Huibers et ál., 2004) . On the other hand, Clark, Durón, Quispe & Stocking (1999) confirm the existence of indigenous practices for soil conditioning in the high plateau which allow the establishment of furrow irrigation.
The international aid organisms support family farmers to provide themselves with irrigation systems and though they usually focus on communal systems, they have also sponsored individual irrigation solutions; such is the case of the installation of wells in Calicanto (Zimmerer, 2011) , where the number of working systems is unknown since the systems installed directly by individual users must be added to the ones sponsored by cooperation agencies. By the way, Mcdowell & Hess (2012) show the case of a community, apparently outside the main formal system, that could solve the conflicts caused by the climate change thanks to the support given by an international NGO to build a piping irrigation system. Despite the fact that in 2004 the Bolivian congress approved a law which recognized the rights to farming irrigation systems the irrigators' rights are actually poorly defined and subject to the requirements of sectors which compete for water access (Perreault, 2005) ; those requirements depend on a wide institutional plurality and norm ambiguity, which makes the irrigator's rights be either formal or informal (Zimmerer, 2011 ). This last author shows how the informal irrigation takes place along with the formal systems as in the case of the arrimantes, who are those irrigators outside the system's boundaries that use water from the systems and try to obtain formal rights, just as in the Laka Laka project.
b. Colombia
In Colombia great part of the irrigated areas expansion, especially in the Andean zone, has been the result of informal irrigation initiatives. In this sense, Sicard León & Rodríguez Sánchez (2002, p. 16 ) say that in Colombia there are irrigation systems that "consist of rudimentary constructions which, by using hoses, conduct water to the properties from streams, wells or other superficial or underground water sources" and that, despite their importance, these systems do not appear in the statistics. Gutiérrez-Malaxechebarría (2013) shows that in Colombia it is possible to find informal irrigation in the entire Andean region. In the analysis of the collected experiences, he demonstrated that most of the informal irrigation is individual, used by family producers, fed through piping which allows irrigation through sprinklers, and water is obtained through systems conceived for taking advantage of the altitudinal gradient. He also found that business agriculturalists that use informal irrigation are very few; they are located in plain zones, pump water from big rivers and, without exception, are individual irrigators.
c. Ecuador
In Ecuador, according to Le Goulven & Ruf (1993) , between 75 and 80 per cent of [some of] the Andean [agricultural] area is irrigated; however, according to official information, the agricultural irrigated area in this region is 14 per cent. The difference between the experts' perception and the official information (formally irrigated areas) means that most of the Andean irrigation is informal. In this sense, Herrmann (2002, p. 338) claims that 80 per cent of the irrigated area in some zones correspond to areas which are served with ancient channel irrigation systems built in the past centuries, just like the case he studies: farming irrigation systems in Tunghuragua, which has a potential to irrigate 56 000 hectares. This system, built in the 17 th century, was recuperated by farmers and indigenous in 1945. It is an informal system since, despite being recognized by some state entities, it has not been legalized because of disagreements between the state and the irrigators in the 90's.
The Ecuadorian experts that were interviewed affirmed that, specially, but not exclusively, in the southern Andean region there are uncountable ditches and piping systems installed illegally by the irrigators themselves; these systems might compete with the supply to cities.
The above evidences, the scarce access to formal irrigation systems and the fact that Ecuadorian family agriculture (indigenous and farmers) represents 52 per cent of the agricultural production total value, using 46.1 per cent of the harvested area (Forero Álvarez et al., 2011) , allow us to suppose that these farmers use informal irrigation systems widely.
d. Perú
Communities in Perú demand the right to access water for irrigation; they argue that water and land have strong roots in the local norms and culture. Legalization of water access is given by its communal character rather than by the systems registration in the state formality. Some of these systems are formalized before the state as conflicts arise outside the community, like in the Coporaque case, in the Colca valley, studied by Vera Delgado & Zwarteveen (2008) , in which the community demanded the formal legitimacy of their rights to water when they faced the possibility that a large scale modern irrigation district which took water from their source was built.
The information reported about the Peruvian Andes emphasizes on ancestral and communal systems, but does not explain if they belong to formal or informal systems. These systems work through channels, which supply water permanently and spate irrigation, which carry water in different periods of time.
Informal irrigation systems can also be modern and of external origin, thanks to rural development projects promoted by NGO's. Bernet et al. (2002) show the case in which these programs encouraged sprinkler irrigation development in the Peruvian Sierra aiming at better efficiency than the one obtained before with channel irrigation. Nevertheless, this modernization and international recognition do not mean a step towards formality.
e. Venezuela A recent proliferation of informal irrigation systems can be observed in the Venezuelan agriculture, where up to short time ago it was practically non-existent.
Informal irrigation systems are especially observable in zones between 1200 to 2000 meters above sea level. This process is explained by the farmers' migration from dry coffee crops to vegetables yields. On the other hand, Machado-Allison & Rivas (2004) mention that there are non-registered small private irrigation systems in the state of Bolívar (low plain zone in the Guayana region). This means that Venezuela shows an increase of these systems, especially in family farming zones.
This can be happening because, according to Machado-Allison & Rivas (2004) , there has not been large scale infrastructure development lately, and because the state entities have left irrigation control unattended, which is why the responsibility for the actual systems and new projects development depend on private initiative.
Conclusions
This is the first work which revues irrigated agricultural development in the Andean countries as a whole. A geographical pattern is shown: large and medium formal systems in plain zones, especially in low lands, and small and informal irrigation systems in mountain zones, evidencing historical macroeconomic policies.
Irrigation systems are very varied, and so are the technologies and institutions that support them. Because of this, a differentiation between informal and formal systems is possible. However, review cases and analysis show that NGOs, users, and government support of irrigators groups have actually contributed to a blurring of the distinction between irrigation types in the Andean countries. In this sense, the differentiation between formal an informal irrigation is not clear and creates the room for maneuvering different interests, so lots of tensions are evident.
Water control is done under great diversity of institutions, which generates power struggles by agribusinesses or even extractive enterprises in all regions and in all categories, exacerbating tensions and conflicts. These processes could consolidate the state monopoly over water distribution; thus, a gradual pace towards formalization of informal systems is expected so that access to water can be assured.
In this way, and considering the fact that water distribution methods are sensitive to physical, political, social and institutional factors, which make it necessary to develop concordant mechanisms (Johansson, Tsur, Roe & Doukkali, 2002) aimed at supplying the technical deficiencies, the states must incorporate community regulations and involve the users' experiential knowledge since many of these systems have offered local solutions for the efficient water use in modern systems (Coward, 1977) . In other words, analyses and plans made to increase and formalize irrigated systems must incorporate cultural and environmental factors of every zone; similarly, the technical decision-making basis must be strengthened.
